Summary Agrimonia eupatoria L., a medicinally important species of the family Rosaceae, has been presently worked out for the first time from the 3 geographical areas of Kashmir (Jammu and Kashmir) and the Kangra and Sirmaur districts (Himachal Pradesh) of the Western Himalayas in India. The cytotypes with nϭ14 and nϭ28 were in conformity with the previous reports of the species from different parts of the world. A new cytotype of nϭ42 from Kashmir was observed for the first time. In comparison, these cytotypes (nϭ14, 28, 42) show significant variations in relation to morphology as well as geographical distribution in the Western Himalayas. Further, intra-population variability has been observed in different accessions of hexaploid cytotype in the form of Bchromosomes, abnormal meiotic course or aberrant type of flower morphology.
The genus Agrimonia L. typifies the tribe Sanguisorbeae of the sub-family Rosoideae in Rosaceae. The genus is herbaceous and composed of 15 species distributed in Northern and Southern temperate regions of the world (Santapau and Henry 1973) . In India, the genus is represented by 2 species as A. eupatoria and A. pilosa (Hooker 1879) . A. eupatoria L. is popularly known as "Agrimony" with 2 synonyms as A. pilosa var. neplensis (D. Don) Nakai and A. odorata (Gouan) Mill. and are distributed throughout the Himalayan range (1,800 to 3,500 m). They grow on open slopes as well as undergrowth in forests. The species is an erect, branched, smooth/hairy herb with pinnately compound leaves. Flowers are yellow in terminal spike-like racemes and the fruit is an achene with a ring of hooked bristles/spines above. The species are medicinally reputed with multiple uses such as anti-inhibitory activity against the hepatitis B virus (Dur et al. 2005) and as an anti-diabetic (Lakashman and Suneetha 2010) . They are used in folk medicine as haemostatic, tonic for asthenia, astringent in diarrhoea and diuretic agents (Bilia et al. 1993) .
Materials and methods

Morphological study
In total, 24 morphometric characteristics (see Table 2 ) were studied for each cytotype to have proper insight of morphological variation. For stomata studies, mature leaves were treated with 10% aqueous solution of potassium hydroxide (KOH) at room temperature for 10-15 min and then epidermal peels so obtained were stained with 10% saffarnin in 95% ethanol.
Cytological studies
For meiotic studies, flower buds were collected from selected localities of diverse different areas of Western Himalayas (Table 1) . Smears of appropriate sized flower buds were made after fixing these in Carnoy's fixative, using the standard acetocarmine technique. Pollen fertility was estimated by mounting mature pollen grains in glycero-acetocarmine (1 : 1) mixture. Well-filled pollen grains with stained nuclei were taken as apparently fertile, while shrivelled and unstained pollen grains were counted as sterile. Photomicrographs of pollen mother cells and pollen grains were made from freshly prepared slides using Nikon 80i eclipse Digital Imaging System. Voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
Results
Morphological observations
For the morphological studies, 24 parameters have been evaluated for vegetative and reproductive characteristics of all 3 cytotypes (Table 2 ). Significant morphological differences are noted for the characteristics such as plant height, leaves (number, size of the leaflets and, stomata size and index), length of spike of inflorescence and shape of bristles of fruit. In one of the accessions (52488) of hexaploid cytotype, 6 sepals and petals were reported instead of the normal 5. 
Cytological observations
Based on xϭ14, the 24 different accessions of A. eupatoria investigated at present from the Western Himalayas revealed the existence of diploid (2nϭ28), tetraploid (2nϭ56) and hexaploid (2nϭ84) cytotypes. Two accessions from Kangra and 2 from Sirmaur were diploids (nϭ14) showing 14 II at metaphase-I (M-I, Fig. 1 ). Six accessions from Kangra, 5 from Sirmaur and 4 from Kashmir were tetraploids (nϭ28) showing 28 II at diakinesis (Fig. 2) . The other 5 accessions from Kashmir were hexaploids (nϭ42) showing 42 II at diakinesis (Fig. 3 ) with accession number 53476 depicting 0-1B chromosome per PMC (Fig. 4) . The course of meiosis and microsporogenesis in these accessions was observed to be normal with high pollen fertility except for the 3 accessions of hexaploid cytotype exhibiting abnormal meiosis and reduced pollen fertility as shown in Table 3 . The various meiotic abnormalities in these accessions being observed were unoriented bivalents at M-I (Fig. 5) , chromosomal bridges and laggards at anaphases and telophases (Figs. 6, 7 ) and (Fig. 8) . A significant difference is seen in the size and shape of pollen grains in these cytotypes (Figs. 9-11 ).
Geographical distribution
In the Western Himalayas, the distribution pattern of euploid cytotypes showed a definite relation to altitudinal variations (Table 1 ). The diploids in the Himachal Pradesh were uncommon but some accessions were available from lower altitudes of 1,800-2,000 m. Tetraploids were the most common and were widely distributed within the altitude of 1,900-3,000 m, both in Himachal Pradesh and Kashmir. The hexaploids were restricted only to higher altitudinal localities (3,000-3,500 m) in Kashmir Himalayas. It is clear that Western Himalaya harbours maximum genetic diversity (Fig. 21) .
Discussion
A perusal of world-wide cytological literature in Agrimonia indicates that all the species have been cytologically worked out. It is clear that cytotypes with 2nϭ28 and 2nϭ56 are common (c.f. Fedorov 1969, Kumar and Subramanian 1986 , Index to Plant Chromosome Numbers web-3) along with a single report of 2nϭ42 for A. grandis (Murin 1977) . The species worked out at present, A. eupatoria, is known to have intraspecific euploid chromosomal variations depicting diploids (2nϭ28) (Sharma and Sarkar 1967 -1968 , Love and Love 1982 , Arohonka 1982 , Dmitrieve and Parfenov 1983 , Luque et al. 1984 , Afzal-Rafii 1986 , Ghaffari 1987 , Pastor et al. 1990 , Kiehn et al. 1991 , Hollingsworth et al. 1992 , Murin 1997 , Dobes et al. 1997 , Lövkvist and Hultgård 1999 , Wittmann 2000 , Dmitrieva 2000 as well as tetraploids (2nϭ56) (Wulff 1939 , Mehra and Dhawan 1966 , Hara and Kurosawa 1968 , Kurosawa 1971 , Chatterjee et al. 1989 , Dmitrieva 2000 from different parts of the world (Fig. 21) . The present study revealed the existence of tetraploid and hexaploid cytotypes from the Kashmir Himalayas but diploid and tetraploid cytotypes from the Kangra and Sirmaur districts. The diploid and tetraploid chromosome numbers conformed the previous reports from Eastern and Western Himalayas by the various workers, whereas the hexaploid chromosome number is newly reported. For genus Agrimonia, the lowest chromosome number is reported to be nϭ14, and the presently as well as previously worked out euploid cytotypes are all multiples of xϭ14, supporting the observations of Mishima et al. (2002) and Malin (2004) . Hence, the presently worked out materials are designated as 2x, 4x and 6x.
All the accessions of diploid and tetraploid cytotypes and 2 accessions of hexploid cytotype showed exclusively normal course of meiosis and high pollen fertility suggesting the allopolyploid nature of polyploids. However, 3 accessions of the hexaploid cytotype invariably showed abnormal course of meiosis with the formation of both bivalents and multivalents at metaphase-I (Fig. 3) and low pollen fertility (Table 3) . As the relation of ploidy to altitude is concerned, it has been reported that there is an increase in the frequency of polyploids in parallel with an increase in altitude in some of the Angiosperm families (de Wet 1980) and the same has been reported for the presently investigated species (Table 1) . Agrimonia eupatoria has been worked out only from different temperate regions (Fig. 21) . It is interesting to note that the diploid cytotype is primarily concentrated in Western countries of the world, covering most of Europe. In the far eastern side of the world, i.e. in Japan, only tetraploid cytotypes have been reported. However, in the middle part of Eurasia, i.e. Russia, both diploid and tetraploid cytotypes co-exist. The Western Himalayas of India show rich intra-population and intracytotype variability (2x, 4x, 6x).
For A. eupatoria, the description in different floras showed insignificant morphological variations but at present a morphological comparison of 3 cytotypes highlights the significant variations recorded for most of the quantitative characteristics at intraspecific level. Phenotype difference is highest between diploid-hexaploid, moderate between tetraploid-hexaploid and much less between diploid-tetraploid cytotypes (Table 2) . Some morphological variations have been observed in the hexaploid cytotype in the form of the shape of leaf apex, which is pointed, while in other and tetraploid cytotypes it is blunt. The stomatal index is observed to be a little higher in the hexaploids than the diploids and tetraploids (Figs. 13-15) , especially in the accession (52488) from Aharbal with the highest stomatal index (Fig. 16) . Additionally, the tip of bristles in the fruit of hexaploid cytotypes was much more curved than the other 2 cytotypes (Figs. 17-20) . The shape of pollen grains also vary greatly among the 3 cytotypes, being round in diploid, oblong in tetraploid and round in hexaploid materials (Figs. 9-12 ). In one of the meiotically normal hexaploid accessions, the flower had been modified showing 6 sepals and 6 petals, the bristles of the fruit were extremely curved (Fig. 20) and the pollen grains were quadrangular (Fig. 12) .
India is the one country from the temperate parts of the world in which all 3 cytotypes have been collected. It is inferred that on a world-wide basi s for this species, diploid cytotypes, with their wider distribution, outnumber the polyploid cytotypes. As there is considerable difference in the amount and quantity of the active principle, which has been reported in different cytotypes of some medicinally important plants (Berkov 2001) . Therefore there is a need to evaluate the active form in this species on the basis of their cytotypes/morphotypes/ecotypes, so as to mark the best chemotype for future use.
